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Abstract

Purpose: To study the effect of isoglycyrrhizin on LPS-mediated acute respiratory distress syndrome
(ARDS) in a mouse model, as well as the associated mechanism of action.

Methods: Ninety (90) wild-type C57BL/6 male mice were randomly assigned to 3 groups, viz, control,
ARDS and isoglycyrrhizin groups. Pathological lesions in mice lungs were determined using H&E
staining. The mRNA and protein expressions of inducible nitric oxide synthase (iINOS), heme oxygenase
(HO-1), cyclooxygenase-2 (COX-2), AMP-dependent protein kinase (AMPK), serine/threonine protein
kinase (Akt), glycogen synthase kinase 3 (GSK3), nucleotide-binding domain-like receptor protein 3
(NLRP3), and Nrf2 were assayed using quantitative reverse transcription polymerase chain reaction
(RT-PCR) and immunoblotting, respectively.

Results: The levels of mRNA and protein expressions of INO) and COX-2 were significantly up-
regulated in ARDS, when compared to control, but were markedly down-regulated by isoglycyrrhizin (p
< 0.05). Similarly, exposure of ARDS mice to isoglycyrrhizin led to upregulations of mRNA and protein
levels of Nrf2, NQO1, HO-1, GCLM, GCLC, p-GSK3, GSK3, p-AMPK, AMPK, p-Akt and AKT (p < 0.05).
Moreover, isoglycyrrhizin significantly downregulated p-IkB and Nucl-p65 with respect to protein and
mRNA levels, but upregulated IkBa expression. Histopathological examination revealed that
pretreatment of ARDS mice with isoglycyrrhizin significantly reduced the number of infiltrating
inflammatory cells, edema and ARDS score (p < 0.05).

Conclusion: [Isoglycyrrhizin protects mouse lungs against ARDS via regulation of AMPK/Nrf2/ARE
pathway. Thus, this compound has potential for use in the treatment of ARDS.
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INTRODUCTION hyperinflammatory disease of the lung. Clinical

symptoms of the disease include respiratory
Respiratory diseases constitute important health ~ distress, refractory hypoxemia and decreased
problems worldwide. Acute respiratory distress lung compliance [1]. Epidemiological data show
syndrome (ARDS) is a life-threatening that globally, ARDS has high incidence and
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mortality [2]. The pathogenesis of ARDS is
complex, and it is thought to be caused by
oxidative stress and inflammatory response
induced by gram-negative bacterial infection [3].
Therefore, a new therapeutic approach will be to
target oxidative stress and inflammatory
response.

Various plants used in TCM have produced great
benefits in the treatment of hyperinflammatory
diseases [4]. Such triterpenoid and flavonoid-rich
herbs exert potent antioxidant and anti-
inflammatory effects [4]. Isoglycyrrhizin, a
flavonoid derived from licorice root, is widely
used in clinical practice due to its potent
antioxidant and anti-inflammatory properties [5].
This study investigated the effect of
isoglycyrrhizin on LPS-induced ARDS in mice,
and the mechanism involved.

EXPERIMENTAL
Animals

Wild-type C57BL/6 male mice (n = 90; mean age
= 7 + 1 weeks; mean weight = 19 + 1 g) were
obtained from Guangzhou Genio Biotechnology
Co. Ltd. The animals were maintained in plastic
cages and given unrestricted exposure to feed
and clean water in an environment with equal
light and dark periods at 25 ‘C and 50 %
humidity. Approval for the study was received
from the Ethics Committee of our institution
(approval no. 2019073), and the study was
carried out according to the guidelines of
"Principles of Laboratory Animal Care" (NIH
publication no. 85-23, revised 1985) [6].

Experimental design

The mice were randomly assigned to 3 groups
(30 mice/group), namely, control, ARDS and
isoglycyrrhizin groups. Acute respiratory distress
syndrome (ARDS) was induced via intranasal
injection of LPS at a dose of 5 mg/kg. Mice in the
isoglycyrrhizin group were pretreated
intraperitoneally with isoglycyrrhizin at a dose of
30 mg/kg 1 h before ARDS induction.

Histological examination of lung tissues

Exactly 12 h after ARDS induction, the mice were
euthanized under mild ether anesthesia. A
portion of excised lung tissue (left lower lobe)
was fixed in 4 % formaldehyde for 24 h.
Histopathological changes were assessed based
on severity of alveolar hemorrhage, alveolar
edema, neutrophil infiltration or aggregation,
thickening of alveolar wall, formation of hyaline
membrane and infiltration of inflammatory cells.

The extent of lung damage was also determined
using pathological scores: 0 = no lesion; 1 = mild
lesion; 2 = moderate lesion; 3 = severe lesion,
and 4 = extremely severe lesion. ImageJ
analysis software was used to determine the
severity of damage to lung mucosa.

Collection of BALF

Bronchoalveolar lavage fluid (BALF) is a biofluid
which reflects the expressions of secreted
pulmonary proteins and the products of activated
cells. The trachea of each mouse was completely
exposed and cut into ‘"inverted V-shaped"
orifices, and then irrigated with a syringe. Cell
suspension was obtained by subjecting the fluid
to centrifugation at 4 °C.

Determination of ROS levels in BALF

The levels of ROS in BALF cell suspension were
determined using 2, 7- dihydrodichlorofluorescein
diacetate (DCFH-DA) assay. The cells were
washed twice with phosphate-buffered saline
(PBS) and centrifuged at 3000 rpm for 10 min.
Then, the cell suspension was mixed with 10 yM
solution of DCFH-DA and incubated for 35 min at
37 °C, followed by rinsing in PBS, and flow
cytometric analysis.

Biochemical analyses

Myeloperoxidase (MPO) and SOD activities, and
levels of MDA and GSH in lung tissue were
measured with ELISA kits.

Quantitative reverse transcription-PCR

Total RNA extraction from BASF cells was done
with TRIzol reagent. The RNA was reverse-
transcribed to cDNA, and the mRNA expression
levels of INOS, HO-1, COX-2, AMPK, Akt, GSKS3,
NLRP3, and Nrf2 were assayed using the 2-44Ct
method, with B-actin as internal control.

Western blotting

Total protein was extracted from the BASF cells
by lysing with chilled RIPA laced with protease
inhibitor. Following centrifugation of the lysate in
the cold, the protein content of the supernatant
was determined with BCA method. Then, 30-ug
protein portions were resolved in SDS-PAGE,
followed by electro-transfer unto PVDF
membranes which were thereafter blocked by
incubation with 3 % fat-free milk in TBS.
Thereafter, the blots were incubated overnight at
4 °C with primary antibodies for iINOS, HO-1,
COX-2, AMPK, Akt, GSK3, NLRP3, Nrf2 and 8-
actin (all diluted 1: 1000. Then, following TBS-T
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rinsing, the membrane was incubated with HRP-
linked goat anti-rabbit IgG 2° antibody for 120
min at laboratory temperature. The immunoblots
were developed with X-ray film, and the bands
were subjected to grayscale analysis with
ImageJ Launcher software. Protein levels were
expressed relative to that of B-actin which served
as internal control.

Statistics

Measurement results are presented as mean *
SEM. Comparison amongst groups was
performed with Duncan’s test and SNK-q test. All
statistical analyses were carried out with SPSS
(20.0). Values of p < 0.05 were assumed

as well as activity of MPO in BALF, but it
markedly increased the level of GSH and SOD
activity (p < 0.05; Table 2).

Effect of isoglycyrrhizin on protein
expressions of pro-inflammatory factors

The mRNA and protein expression levels of
INOS) and COX-2 were significantly raised in
ARDS mice, when compared to control mice, but
these parameters were down-regulated by
isoglycyrrhizin (p < 0.05; Table 3).

Table 1: Histopathological examination of lung tissues
of ARDS mice (mean * SD)

indicative of significant differences. Group ARDS
Control 3.16+0.21
ARDS 12.85+0.572

RESULTS Isoglycyrrhizin _6.93+0.412

Influence of isoglycyrrhizin on histology of
mouse lungs

There were no obvious pathological changes in

ap < 0.05, vs control mice; °p < 0.05, vs ARDS mice

Table 3: Expression levels of inflammatory proteins
(mean = SD)

lungs of control mice. Histopathological _Group iNOS COX-2
examination of lung tissues of ARDS mice Control 0.28+0.08  0.38+0.10
revealed visible blood spots, significantly ARDS ~ ~ 1.21£0.122 1.14£0.15°

Isoglycyrrhizin = 0.35+0.06° 0.68+0.11°

thickened alveolar septum, alveolar hyperemia,
edema and infiltration of inflammatory cells (p <
0.05). Acute respiratory distress syndrome
(ARDS) score was raised, relative to control.
Pretreatment of ARDS mice with isoglycyrrhizin
significantly reduced the number of infiltrating
inflammatory cells, edema and ARDS score (p <
0.05). These results are shown in Table 1.

Effect of isoglycyrrhizin on mouse oxidative
stress

Treatment of ARDS mice with isoglycyrrhizin
significantly reduced the levels of ROS and MDA,

aP < 0.05, vs control mice; p < 0.05, vs ARDS mice

Effect of isoglycyrrhizin on Nrf2 expression
and its downstream antioxidant enzymes, and
AMPK pathway-related proteins

Treatment of ARDS mice with isoglycyrrhizin
significantly upregulated the mRNA and protein
concentrations of Nrf2, NQO1, HO-1, GCLC,
GCLM, p-GSK3, GSK3, p-AMPK, AMPK, p-Akt,
and AKT (p < 0.05). These results are shown in
Table 4.

Table 2: Effect of isoglycyrrhizin on mice oxidative status (mean + SD)

Group ROS MPO MDA GSH SOD
Control 0.71x0.24 0.52+0.16 1.71+0.34 438.67+41.67 73.94+10.46
ARDS 2.29+0.582 0.92+0.372 5.4140.742 213.64+30.56° 35.79+8.142
Isoglycyrrhizin 0.97+0.36%® 0.75+0.26®®  3.64+0.512®  421.09+20.46%  56.84+6.38%
123.370 15.760 333.820 456.390 151.880
P-value < 0.001 < 0.001 < 0.001 < 0.001 < 0.001

ap < 0.05, vs control mice; °p < 0.05, vs ARDS mice

Table 4: Comparison of expression levels of Nrf2 and its downstream antioxidant enzymes, and AMPK pathway-
related proteins (mean * SD)

Group Nucl-Nrf2 NQO1 HO-1 GCLM GCLC

Control 0.26+0.03 0.41+0.04 0.21+0.06 0.31+0.08 0.41+0.05
ARDS 0.58+0.082 0.85+0.062 0.28+0.08 0.45+0.09 0.62+0.06
Isoglycyrrhizin 1.16+0.123° 1.06+0.16%° 1.02+0.132° 1.25+0.122b 1.02+0.112b

ap < 0.05, vs control mice; °p < 0.05, vs ARDS mice
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Table 5: Comparison of NF-kB pathway-related protein levels among the groups (mean £ SD)

Group p-AMPK/AMPK p-Akt/Akt p-GSK3B/GSK3B
Control 0.35+0.04 0.3+0.02 0.21+0.01
ARDS 0.28+0.04 0.41+0.03 0.35+0.022
Isoglycyrrhizin 0.89+0.092° 1.02+0.108b 0.78+0.09%°

apP < 0.05, vs control mice; ®p < 0.05, vs ARDS mice

Effect of isoglycyrrhizin on NF-kB pathway-
related protein levels

As shown in Figure 4, isoglycyrrhizin significantly
downregulated the mRNA and protein expression
levels of p-IkB and Nucl-p65, but markedly
upregulated those of IkBa.

DISCUSSION

The disease ARDS is a critical medical condition
characterized by diffuse pulmonary inflammation,
non-cardiogenic pulmonary edema, respiratory
failure and other major symptoms. Since
symptoms of the disease develop quickly, early
diagnosis and treatment are crucial for patients’
survival [7].

Isoglycyrrhizin, a flavonoid found in liquorice root,
astragalus membranous roots and fructus
canthus, possesses anti-inflammatory,
antioxidant, cardioprotective, antitumor, antiviral
and antibacterial properties [8]. Although
isoglycyrrhizin has been reported to be effective
against ARDS, the precise molecular mechanism
involved remains largely unknown [9]. This
research was carried out to elucidate the
influence of isoglycyrrhizin on LPS-induced
ARDS in mice, and the process involved.
Findings from histopathological examination of
mice lung tissues suggest that isoglycyrrhizin
may  effectively  ameliorate = LPS-induced
pathological changes in mice lung tissues, which
are consistent with reports from earlier
investigations [10].

So far, oxidative stress and inflammatory
response are two important mechanisms linked
to the pathogenesis of ARDS. Oxidative stress
occurs as a result of an imbalance between ROS
generation and their neutralization. It causes
organ and tissue damage, as well as lipid
peroxidation in cell membranes. Inflammatory
response refers to the host’s response to antigen
stimulation or tissue damage [11]. The enzymes
INOS and COX-2 mediate inflammation.
Lipopolysaccharide (LPS) and a number of
cytokines stimulate iINOS expression, thereby
promoting the release of pro-inflammatory
mediators, and ultimately inflammation.

Cyclooxygenase-2 (COX-2) level is usually low
under normal physiological conditions, but

increases in response to proinflammatory
mediators such as LPS, growth factors,
oncogenes and cytokines, as well as mitogenic
stimulation. Cyclooxygenase-2 (COX-2)
catalyzes the biosynthesis of prostaglandins and
enhances vascular permeability, thereby
exacerbating ARDS [12]. In this study, the mRNA
and protein expression levels of INOS and COX-
2 were markedly up-regulated in ARDS mice,
relative to controls, but they were markedly
down-regulated by isoglycyrrhizin. These results
indicate that isoglycyrrhizin may alleviate ARDS
via inhibition of the inflammatory pathway. It has
been reported that long-term stimulation of
inflammatory response results in the production
of high levels of ROS in pulmonary endothelium,
airway epithelium and alveolar cells, thereby
causing oxidative stress and severe damage to
lung tissue which ultimately aggravates ARDS
[13].

Myeloperoxidase (MPO) is a marker of neutrophil
accumulation, and its elevation leads to tissue
damage. The level of MDA reflects the level of
oxidative stress in cells and tissues. Long-term
oxidative stress reduces the levels of
antioxidants such as SOD and GSH. The
findings in the present investigation reveal that
treatment of ARDS mice with isoglycyrrhizin
markedly reduced the levels of ROS and MDA,
as well as activity of MPO in BALF, but it
markedly increased the level of GSH, and SOD
activity. These results suggest that
isoglycyrrhizin could be a potent antioxidant,
which is consistent with earlier findings [14].

The Nrf2 pathway, an important antioxidant
pathway, is one of the candidate genes for ARDS
susceptibility. Changes in Nrf2 level regulate the
expressions of antioxidant enzymes such as HO-
1, NQO1, GCLM and GCLC [15]. Phosphorylated
AMPK (p-AMPK) is an important upstream
regulatory kinase of Nrf2 which promotes Akt-
mediated phosphorylation of GSK3, and
ultimately activates Nrf2. Studies have shown
that AMPK pathway is activated by stimuli such
as cytokines, growth factors and oxidative stress,
and it regulates the transcription of multiple
genes such as those involved in inflammation,
apoptosis and differentiation [16]. Being a classic
inflammatory signaling route, the NF-kB pathway
participates in ARDS. Similarly, the activation of
NLRP3 is crucial in pathogenesis of ARDS. In
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this study, treatment of ARDS mice with
isoglycyrrhizin  significantly upregulated the
mRNAs and proteins of Nrf2, NQO1, HO-1,
GCLM, GCLC, p-GSK3, GSK3, p-AMPK, AMPK,
p-Akt, and AKT. These data indicate that the
antioxidant and anti-inflammatory effects of
isoglycyrrhizin in ARDS mice may be exerted via
regulation of AMPK/Nrf2/ARE pathway.

CONCLUSION

Isoglycyrrhizin protected mice lungs against
ARDS via regulation of AMPK/Nrf2/ARE
pathway. This finding suggests that this

compound may be effective in the treatment of
ARDS.
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